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Cross-education has long been an area of
interest. The term is credited to Scripture
et ale (1894), who initiated the first series of
studies in this area. These studies were mainly
in the field of psychology and it was known
that if a subject practised writing with one
hand, skill was gained in writing with the
other hand.. DeLorme (1945), experimenting
with adaption of weight-lifting procedures to
the treatment of various disabilities of the
skeletomuscular system, observed that uni·
lateral exercise of the progressive-resistance
type was associated with a concurrent develop..
ment of increased strength in the symmetric
muscle groups of the contralateral limb. Thus
began the second series of studies, which were
performed mainly by physicians and physical
therapists. Hellebrandt, Parrish and Houtz
(1947) suggested that neuromuscular cross-
education may have a therapeutic use: where
volitional control is defective, powerful iso~
metric contraction may be evoked reflexly.
Many theories have been put forward regard..
ing the cause of cross-education of strength,
none have yet been accepted to the exclusion
of the others .. In the opinion of this writer, it
may be brought about in two ways:
1.. By reflex isometric contractions occurring
in the contralateral limb while the ipsi-
lateral limb is being exercised. Helle-
brandt et ale (ibid.) noticed that while
subjects performed resisted knee extension
exercises with one leg, the quadriceps of
the other leg worked isometrically. Hansen
(1961), Mathews et al. (1957) and Rarick
and Larson (1962) have shown that iso-
metric contractions will increase muscular
strength. This possible cause of cross..
education is referred to here as cross-
training.
2. The skill learned by performing a
strengthening exercise with one limb may
bring about an increase in strength in the
contralateral limb. Rasch and Morehouse
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(1957) found that subjects who trained
isotonically in the standing position
demonstrated a greater improvement in
strength when they were tested in the
familiar standing position rather than an
unfamiliar lying position. They suggested
that the gain recorded in the lying po..
sition was the true increase in strength,
and that the difference between this score
and the standing score was due to im-
provement in skilL This possible cause of
cro8s..education will be referred to as cross-
learning.
If an attempt were made to prevent cross-
training and cross~learning, would cross..
education of strength occur? Hellehrandt
et ale (0p. cit.) report finding cross-education
of strength, Rose et ale (1957) do not.. The
question as to whether it really does occur is
still open. If it does occur, an attempt should
be made to establish its cause because the
physiotherapist may use it in treatment. For
example, an individual whose livelihood in-
volves manual labour may sustain an arm
injury that necessitates complete rest from
work. If, during this time, the patient prac..
tises strengthening exercises with the contra~
lateral arm, loss of strength in the affected
arm may be reduced and possibly prevented,
and when the injury heals, readjustment to
work will take place in a minimum period of
time.
The purpose of this study was to determine
if cross..education of strength will still take
place when an attempt is made to prevent
cross-training and cross..learning occurring.
EXPERIMENTAL METHOD
Subjects
Eighteen male undergraduates enrolled in
physical education courses at the University of
Oregon, U.S.A., volunteered for this experi..
ment. Their ages ranged from 13 year! to 22
years 9 months, their mean height was 72..16
inches, and their mean weight was 169.95
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pounds. All subjects were Caucasian and none
had a history of upper extremity pathology.
Testing
The isometric strength of the dominant arm
elbow flexors and the non-dominant arm elbow
flexors and extensors, was measured before
and after the experimental period. The mea-
surements were taken while the subject lay
supine with the elbow at a 40° angle for the
extensors and at a 1150 angle for the flexors.
The instrument employed to measure iso-
metric strength was the cable tensiometer, and
it was used in the manner described by Clarke
(1953) ·
Training Position
A special training position was adopted in
order to prevent or reduce hody movements
that may have elicited isometric contractions
in the elbow flexors and extensors of the non·
dominant arm. The subjects stood with the
upper and middle part of their hacks in con-
tact with a wall and their feet eighteen inches
apart and six inches away from the wall. On
the wall were two vertical lines, eighteen
inches apart, and the subject leaned against
the wall between these two lines.. If a subject
moved his body during the training period it
would become immediately apparent to the
researcher. The non..dominant arm was placed
in a sling with the elbow at 90 0 , the inner
surface of the forearm in contact with the
abdomen.
Training Programme
Using the dominant arm, the subjects per..
formed single arm curls in the following
manner.. A dumb-bell was held in the domi-
nant hand with the elbow fully extended and
the arm by the side. The subjects then raised
the weight up to the shoulder by flexing the
elbow, and then lowered it back to the starting
position. The subjects performed three sets of
six repetitions of this exercise, with three
minutes' rest in between each set, three days
a week for six weeks. They began the first
training session with a weight of twenty-five
pounds and from then on were asked to esti-
mate the amount of effort each set required.
When a subject felt that the required effort for
a set was less than ninety per cent, the weight
was increased. Throughout the experimental
period the subjects were urged to relax the
non-dominant arm while training. In addition,
the researcher watched and palpated the non-
dominant arm in order to detect any uncon-
scious isometric contractions..
From the above description of the testing
and training procedures it can be seen that
the influence of the two variables that may
have brought about cross-education in other
studies, was opposed.
To counter cross-training,
1. the subjects leaned against a wall during
the performance of the exercise. This pro-
cedure limited body sway that may have led
to isometric contractions in the non-dominant
arm;
2. the non-dominant arm was in a sling in
order to limit movement while the other arm
trained;
3. the subjects concentrated on relaxing
their non-dominant arm during training;
4. the researcher watched and palpated
the subject's non-dominant arm in an attempt
to detect unconscious isometric contractions.
To counter cross-learning, the subjects were
tested isometrically in the supine position,
and they trained isotonically in the standing
position.
RESULTS
From Table 1 it can be seen that the only
muscle groups to make a sizeable improve..
ment were the elbow flexors of the dominant
arm.. The average difference between the
average score before the experiment began
and the average score after the experiment was
finished was a gain of 13.85 pounds. From
Table 2 it can be seen that this difference is
significant at the .05 level and that the other
two differences do not approach significance.
TABLE 1
Mean of the scores of each muscle group on the
initial and final test, and the differences between the
means as measured in pounds.
Muscle Group Pre-Test Post-Test Dlf-Saore Score terence
Dominant arm: Elbow Flexors 147.42 161.37 13.85*
Non-Dominant arm: Elbow
Flexors 145.79 145.68 -.11
Non~Dominant arm: Elbow
Extensors 128.68 129.05 +.37
*Signjficant at the .05 level.
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TABLE 2
Significance of the difference between the initial
mean and the final mean of each muscle group.
M SD SE
Muscle Group D D M UtH
D
Dominant arm: Elbow Flexors 13.85 3.38 .77 17.36*
Non-Dominant arm: Elbow
Flexors -.11 2.89 .66 -.64
Non-Dominant arm: Elbow
Extensors +.37 3.93 .90 +.98
*SignUicant at the .05 JeveJ.
MD == Mean difference.
SOD = Standard deviation.
SEMD == Standard error of mean difference between scores
and mean.
CONCLUSION
Prior to this study it was felt that cross..
education of strength was due to either cross..
training or cross-learning. In this experiment
attempts were made to eliminate these vari-
ables and cross-education did not occur. The
conclusion is that cross..education of strength
is caused by cross-training, cross-learning, or
both.
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